Introduction
Shrimp immersion challenge with the pirAB positive Algoriphagus sp. strain NBP 139 The pathogenicity of the pirA and pirB positive Algoriphagus sp. strain NBP was investigated 140 through an in vivo immersion assay using P. vannamei. Shrimp cultures that were inoculated 141 with the pirA and pirB positive Algoriphagus sp. strain NBP showed significant (P < 0.05) 142 mortality when compared to unchallenged control cultures, whereas shrimp cultures that were 143 challenged with the pirA and pirB negative Algoriphagus sp. strain NBP showed no significant 144 mortality (Fig 5) . Additionally, the shrimp challenged with pirA and pirB positive Algoriphagus 145 sp. strain NBP demonstrated pale hepatopancreas, lethargy and lack of appetite.
147
The shrimp challenged with pirA and pirB positive Algoriphagus sp. strain NBP demonstrated 148 typical AHPND pathology on the 14 th day. Histopathologic evaluation revealed detachment of 149 epithelial cells from the membrane up to lumen (see Fig 6A) , which affected the integrity of the 150 tubules. Loose hepatopancrease, tubule atrophy, as well as lack of B, R and F cells, were 151 observed (see Fig 6B) . The presence of pirA and pirB genes was determined using PCR with specific primers.
241
Genomic DNA was extracted from grown cultures using the Geneaid kit (Taiwan) and was 242 purified by adhering to the protocol provided by the manufacturer. The primers used for PCR 243 amplification of the pir genes are listed in Vibrio parahaemolyticus strain BpShHep31 (at 2 x 10 3 CFU mL -1 ) and Algoriphagus sp. strain 284 NBP (at 2 x 10 5 CFU mL -1 ) were co-cultured (cell densities 1:100 ratio respectively) at three The Algoriphagus sp. NBP colonies that were picked after plating of the coculture with V. 295 parahaemolyticus strain BpShHep31 were verified to be free from contamination by V. 296 parahaemolyticus by performing PCR with specific primers for the V. parahaemolyticus toxR 297 gene (which is absent in Algoriphagus) ( Table 2) . Sterile 10 µL pipette tip was used to pick the 298 colonies to avoid any contamination. The DNA of the colonies were extracted by adding 10 µL 299 of sterile distilled water followed by heating at 94°C for 5 minutes. Then, the samples were 300 cooled at 4°C and centrifuged at 10,000 rpm for 5 minutes. The supernatant of the samples was 301 transferred to another sterile 0.2 mL tube. The Algoriphagus sp. strain NBP colonies were 302 screened for the presence of the pirAB genes using the VpPirA and VpPirB primers ( Table 2) . 303 We then calculated the conjugation efficiency (%) as follows: of 10 6 CFU mL -1 of bacteria as described earlier [24] . Control shrimps were not exposed to any 323 added strain. The survival rate of the shrimps was recorded daily. 
